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(57) Abr§g6/Abstract: 

A triple layer forming fabric includes: a set of top machine direction yarns; a set of top cross machine direction yams interwoven 
with the top machine direction yams to form a top fabric layer; a set of bottom machine direction yarns; a set of bottom cross 
machine direction yarns interwoven with the bottom machine direction yarns to form a bottom fabric layer; and a plurality of 
stitching yams interwoven with the top and bottom fabric layers. A pair of first and second stitching yarns is positioned between 
adjacent pairs of top cross machine direction yarns; the first and second stitching yams of each pair are interwoven with the top 
and bottom machine direction yarns such that, as a fiber support portion of the first stitching yam is interweaving with the top 
machine direction yarns, a binding portion of the second stitching yam is positioned below the top machine direction yarns, and 
such that as a fiber support portion of the second stitching yarn is interweaving with the top machine direction yarns, a binding 
portion of the first stitching yam is positioned below the top machine direction yams. The first and second stitching yams cross 
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(57) Abr6g6(suite)/Abstract(continued): 

each other as they pass below a transitional top machine direction yam, and each of the binding portions of the first and second 
stitching yams passes below at least one of the bottom machine direction yams. The top machine direction yams, top cross 
machine direction yarns, and fiber support portions of the stitching yarns interweave to form a plain weave surface. The top 
machine direction yams have a first diameter, the bottom machine direction yams have a second diameter, and the top cross 
machine direction yarns have a third diameter, and a ratio of the first diameter and the second diameter is between about 0.75 
and 0.95, and a ratio between the first diameter and the third diameter Is between about 0.8 and 1 .1. 
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PAGEMAKER'S FORMING FABRIC 
Attract of the pisclpiare 

5 A triple layer forming fabric includes: a Bet of top machine 

direction yarns; a set of top cross machine direction yams interwoven with the top 
machine direction yarns to form a top fabric layer; a set of bottom machine 
. direction yarns; a set of bottom cross machine direction yarns interwoven with the 
bottom machine direction yams to form a bottom fabric layer; and a plurality of 

10 stitching yarns interwoven with the top and bottom fabric layers. A pair of first 
and second stitching yarns is positioned between adjacent pairs of top cross 
machine direction yams; die first and second stitching yarns of each pair axe 
interwoven with the top and bottom machine direction yarns such that, as a fiber 
support portion of the first stitching yam is interweaving with the top machine 

1 5 direction yarns, a binding portion of the second stitching yam is positioned below 
the top machine direction yams, and such that as a fiber support portion of the 
second stitching yam is interweaving with the top machine direction yams, a 
binding portion of the first stitching yam is positioned below the top machine 
direction yarns. The first and second stitching yarns cross each other as they pass 

20 below a transitional top machine direction yarn, and each of the binding portions of 
the first and second stitching yarns passes below at least one of the bottom 
machine direction yarns. The top machine direction yams, top cross machine 
direction yarns, and fiber support portions of the stitching yarns interweave to form 
a plain weave surface. The top machine direction yarns have a first diameter, the 

25 bottom machine direction yams have a second diameter, and the top cross machine 
direction yarns have a third diameter, and a ratio of the first diameter and the 
second diameter is between about 0.75 and 0.95, and a ratio between the first 
diameter and the third diameter is between about 0.8 and LI. 
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PAPERMAKER'S FORMING FABRIC 

Field of the Invention 
This invention relates generally to woven fabrics, and relates more 
specifically to woven fabrics for papermakers. 

P»cfrer°und of feS fr* 6 "* 10 " 

In the conventional fourdrinier papennaldng process, a water slurry, 

or suspension, of celluiosic fibers (known as the paper "stock") is fed onto the top 
of the upper run of an endless belt of woven wire and/or synthetic material that 
travels between two or more rollers. The belt, often referred to as a "forming 
fabric", provides a papennaldng surface on the upper surface of its upper run 
which operates as a filter to separate the celluiosic fibers of the paper stock from 
the aqueous medium, thereby forming a wet paper web. The aqueous medium 
(bains through mesh openings of the forming fabric, known as drainage holes, by 
gravity alone or with assistance from one or more auction boxes located on the 
lower surface (i.c. the "machine side") of the upper run of the fabric 

After leaving the forming section, the paper web is transferred to a 
press section of the paper machine, in which it is passed through the nips of one or 
more pairs of pressure rollers covered with another fabric, typically referred to as a 
"press felt" Pressure from the rollers removes additional moisture from the web; 



.1 . • 

the moisture removal is often enhanced by the presence of a "batt" layer on the 
press felt The paper is then conveyed to a drier section for further moisture 
removal. After drying, the paper is ready for secondary processing and packaging. 

Typically, papermaker's fabrics are manufactured as endless belts 
5 by one of two basic weaving techniques. In the first of these techniques, fabrics 
are flat woven by a flat weaving process, with their ends being joined to form an 
endless belt by any one of a number of well-known joining methods, such as 
dismantling and reweaving the ends together (commonly known as splicing), or 
sewing a pin-seamable flap on each end or a special fbldback, then reweaving 

10 these into pin-seamable loops. In a flat woven papermaker's fabric, the warp yarns 
extend in the machine direction and the filling yams extend in the cross machine 
. direction. In the second technique, fabrics are woven directly in the form of a 
continuous belt with an endless weaving process. In the endless weaving process, 
the warp yarns extend in the cross machine direction and the filling yams extend in 

1 5 the machine direction. As used herein, the terms "machine direction" (MD) and 
"cross machine direction" (CMD) refer, respectively, to a direction aligned with 
the direction of travel of the papermaker's fabric on the papermaking machine, and 
a direction parallel to the fabric surface and traverse to the direction of travel. Bom 
weaving methods described hereinabove are well known in the art, and the term 

20 "endless belt" as used herein refers to belts made by either method. 

Effective sheet and fiber support and an absence of wire marking 
are typically important considerations in papermaking, especially for the forming 
section of the papermaking machine, where the wet web is initially formed. Wire 
marking is particularly problematic in the formation of fine paper grades, as it can 

25 affect a host of paper properties, such as sheet mark, porosity, "see through" and 
pin holing. Wire marking is typically the result of individual cellulosic fibers 
being oriented within the paper web such mat their ends reside within gaps 
between the individual threads or yams of the forming fabric. This problem is 
generally addressed by providing a permeable fabric structure with a coplanar 

30 surface that allows paper fibers to bridge adjacent yarns of the fabric rafter than 
penetrate the gaps between yams. As used herein, "coplanar" means that the upper 
extremities of the yams defining die paper-forming surface are at substantially the 
same elevation, such that at that level mere is presented a substantially "planar" 

2 



■ surface. Accordingly, fine paper grades intended for use in quality printing, 
carbonizing, cigarettes, electrical condensers, and like grades of fine paper have 
typically heretofore been formed on very finely woven or fine wire mesh forming 
fabrics. 

S Typicallyi such finely woven fabrics include at least some relatively 

small diameter machine direction or cross machine direction yams. Regrettably, 
however, such yams tend to be delicate, leading to a short surface life for the 
fabric. Moreover, the use of smaller yams can also adversely effect the mechanical 
stability of the fabric (especially in terms of skew resistance, narrowing propensity 

10 and stiffness), which may negatively impact both the service life and the 
performance of the fabric 

To combat these problems associated with fine weaves, multi-layer 
forming fabrics have been developed with fine-mesh yams on the paper forming 
surface to facilitate paper formation and coarser-mesh yams on the machine 

IS contact side to provide strength and durability. For example, fabrics have been 
constructed which employ one set of machine direction yams which interweave 
with two sets of cross machine direction yams to form a fabric having a fine paper 
forming surface and a more durable machine side surface. These fabrics form part 
of a class of fabrics which are generally referred to as "double layer" fabrics. 

20 Similarly, fabrics have been constructed which include two sets of machine 

direction yams and two sets of cross machine direction yams that form a fine mesh 
paper side fabric layer and a separate, coarser machine side fabric layer. In these 
fabrics, which are part of a class of fabrics generally referred to as "triple layer" 
fabrics, the two fabric layers are typically bound together by separate stitching 

25 yams. As double and triple layer fabrics include additional sets of yarn as 
compared to single layer fabrics, these fabrics typically have a higher "caliper" 
(Le., they are thicker than) comparable single layer fabrics. An illustrative double 
layer fabric is shown in U.S. Patent No. 4,423,755 to Thompson, and illustrative 
triple layer fabrics are shown in U.S. Patent No. 4,501,303 to Osterberg, U.S. 

30 Patent No. 5,152,326 to Vohringer, and U.S. Patent No. 5,437,315 to Ward. 

One particularly desirable type of triple layer fabric is illustrated in 
US. Patent No. 5,967,195 to Ward. The fabrics described therein include pairs of 
stitching yams between adjacent top CMD yams that alternately interweave with 

3 



the top and bottom MD yams of the fabric. They do so in such a maimer that they 

"complete the weave** of the weave pattern of the top MD and top CMD yams. 

Such a papermaking surface can provide good fiber support, drainage and 

mterlaminar wear resistance. Alternative fabrics of this type are illustrated in VS. 
5 Patent No. 5,826,627 to Seabrook et al. However, these fabrics can have relatively 

high caliper, which can have a negative impact on water cany and fiber carry, 

increasing both of these properties. 

The foregoing demonstrates that it would be desirable for a 

papennaker*6 forming fabric to have a balance of properties important to 
10 papermaking, including relatively low caliper, low void volume for drainage 

purposes, and good fiber support It would be particularly desirable for such a 

forming fabric to have a triple layer structure. 



BafliaaEmf » he Invention 

IS The present invention, which is directed to a triple layer 

papermaker*s fabric, can provide these desirable characteristics. The triple layer 
forming fabric includes: a set of top machine direction yarns; a set of top cross 
machine direction yams interwoven with the top machine direction yams to form a 
top fabric layer, a set of bottom machine direction yarns; a set of bottom cross 

20 machine direction yams interwoven with the bottom machine direction yarns to . 
form a bottom fabric layer, and a plurality of stitching yams interwoven with the 
top and bottom fabric layers. A pair of first and second stitching yams is 
positioned between adjacent pairs of top cross machine direction yams; the first 
and second stitching yarns of each pair are interwoven with the top and bottom 

25 machine direction yams such mat, as a fiber support portion of the first stitching 
. yam is interweaving with the top niachine direction yarns, a binding portion of me 
second stitching yam is positioned below the top machine direction yams, and such 
that as a fiber support portion of the second stitching yam is interweaving with the 
top niachine direction yarns, a binding portion of the first stitching yam is 

30 positioned below the top machine direction yams. The first and second stitching 
yarns cross each other as they pass below a transitional top machine direction yam, 
and each of the binding portions of the first and second stitching yams passes 
below at least one of the bottom machine direction yams. The top machine 



• direction yarns, top cross machine direction yarns, and fiber support portions of the 
stitching yarns interweave to form a plain weave surface* The top machine 
direction yarns have a first diameter, the bottom machine direction yams have a 
second diameter, and the top cross machine direction yarns have a third diameter, 
5 and a ratio of the first diameter and the second diameter is between about 0.75 and 
0,95, and a ratio between the first diameter and the third diameter is between about 
0.8 and 1.1. In this configuration, the yarns of the fabric can interweave, and the 
top and bottom layers of the fabric can intennesh and nest, such that the caliper 
and the void volume of the triple layer fabric are relatively low, yet the fiber 

1 0 support provided to paper stock is relatively high. As a result, the fabric can 
provide a desirable combination of properties in a triple layer design* 

In certain preferred embodiments, a stitching yam pair is positioned 
between each adjacent pair of top cross machine direction yams. Also, in some 
embodiments the number of top and bottom cross machine direction yarns are the 

1 5 same, and in other embodiments the number of (a) top cross machine direction 
yams and stitching yam pairs and (b) bottom cross machine direction yams are the 
same. 

It is also preferred that the diameter of the top machine direction 
yarns is between about 0.12, and 0.14mm, the diameter of the bottom machine 
20 direction yarns is between about 0.15 and 0.18mm, and the diameter of the top 
cross machine direction yarns is between about 0.1 1 and 0.1 3mm. 

Objects of the present invention will be appreciated by those of 
ordinary skill in the art from a reading of the Figures and the detailed description 
of the preferred embodiments which follow, such description being merely 
25 illustrative of the present invention. 

, » 

Brief Description of the Figures 
The accompanying drawings, which are incorporated in and 
constitute a part of the specification, illustrate embodiments of the invention and, 
30 together with the description, serve to explain principles of the invention. 

Figure 1 is a top view of a triple layer papermakers' forming fabric 
of the present invention. 

5 



Figured is a top section view of the bottom layer of the fabric of 

Figure 1. 

Figure 3 is a top section view of another embodiment of a triple 
layer papermakers* forming fabric of the present invention showing the 
5 configuration of the bottom layer of the fabric. 

Fignre 4 is atop section view of another embodiment of a triple 
layer papermakers' forming fabric of the present invention showing the 
configuration of the bottom layer of the fabric. 

Figure 5 is a top view of another embodiment of a papeimaker's 
10 fabric of the present invention. 

Figure 6 is a top section view of the bottom layer of the fabric of 

Fignre 5. 

Figure 7 is a top view of another embodiment of a triple layer 
papeimaker's forming fabric of the present invention. 
15 Figure 8 is atop section view of the bottom layer of the fabric of 

Figure 7. 

Figure 9 is a top section view of another embodiment of a triple 
layer papermakers' framing fabric of the present invention showing the 
configuration of the bottom layer of the fabric. 
20 Figure 10 is a top view of another embodiment of a triple layer 

papermaker's forming fabric of the present invention. 

Figure 11 is a top section view of the bottom layer of the fabric of 

Figure 10. 

25 Detailed Description of the Invention 

The present invention will now be described more particularly 
hereinafter with reference to the accompanying drawings, in which embodiments 
of the invention are shown. The invention, however, be embodied in many 
different forms and is not limited to the embodiments set forth herein; rather, these 
30 embodiments are provided so that the disclosure will fully convey the scope of the 
invention to those skilled in the art. like numbers refer to like components 
throughout. The dimensions and thicknesses for some components and layers may 
be exaggerated for clarity. 



As discussed above, triple layer papermakers' forming fabrics of the 
present invention employ fine top surface yams as MD yams, CMD yams, and 
stitching yams. The use of these yarns in some fabric embodiments enables these 
embodiments to provide desirable properties and/or combinations of properties. 
5 For example, some embodiments can provide reduced void volume, which can in 
turn improve drainage during operation. Other embodiments should have reduced 
caliper (particularly compared with other triple layer fabrics), which can assist in 
reducing water and fiber carry, thus improving running efficiency and machine 
cleanliness. Moreover, the fiber support index ("FSr, as measured by the method 

10 developed by Robert L.Beran; see Tappi Journal, April 1979, Vol. 62, No.4 'The 
Evaluation and Selection of Forming Fabrics", for an explanation of the FSI 
calculation) of these fabrics can also be increased over other triple layer fabrics, m 
some pr e fer red embodiments, the combination of reduced void volume and caliper 
and high fiber support index can make those embodiments extremely desirable, 

15 especially in fine paper applications. 

m the embodiments employed herein, the top MD yams will 
typically be between about 0.12 and 0.14mm in diameter, the top CMD yams will 
be between about 0. 11 and 0.13mm in diameter, and the bottom MD yarns will be 
between about 0.15 and 0.18mm in diameter. These yarns can be combined in 

20 triple layer fabrics such mat the ratio of the diameters of the top and bottom MD 
yarns (the "top MD/bottom MD ratio") is between about 0.75 and 0.95, and the 
ratio between the diameters of the top MD yams and top CMD yarns (the "top 
MD/top CMD ratio") is between about 0.8 and 1 .1 . Triple layer fabrics having top 
MD yarns, bottom MD yams, and top CMD yams meeting these ratios can, in 

25 some triple layer weave patterns, interweave and mtermesh in such a manner that 
desirable properties or combinations thereof of the type described above are 
. realized. In particular, fabrics utilizing yams with the ratios set forth above can be 
produced that have low caliper (on the order of 0.60mm to 0.75mm), with a void 
volume of between about 34 and 42 mraVem 2 , and an FSI of between about 150 

30 and 200 or more. Preferred top MD/bottom MD ratios are between about 0.75 and 
0.90, and more preferably are between about 0.75 and 0.85. Preferred top MD/top 
CMD ratios are between about 0.90 and 1 . 10, and more preferably are between 
about 0.90 and 1.05. 



Preferred embodiments of the invention m which these yam 
diameter ratios can be employed are set form below. 

A twenty harness triple layer forming fabric, generally designated at 
20, is illustrated in Figures 1 and 2, in which a single repeat unit ofthe fabric 20 is 
5 shown. As seen in Figure 1, the repeat unit of the fabric 20 includes a top layer 21 
and a bottom layer 81 . The top layer 21 includes ten top MD yarns 22-40 and ten 
top CMD yams 42-78. These are interwoven such that each top CMD yarn passes 
over and beneath top MD yarns in an alternating fashion, with each top CMD yam 
passing over and under the same top MD yarns. For example, top CMD yam 42 
10 passes under top MD yam 22, over top MD yarn 24, under top MD yam 26, over 
top MD yam 28 and so on until it passes overtop MD yam 40. Similarly, top 
CMD yam 46 passes under top MD yam 22, over top MD yam 24, under top MD 
yarn 26, over top MD yam 28 and so on until it passes over top MD yam 40. 

Still referring to Figure 1, the top layer 21 also includes portions of 
15 twenty stitching yams, designated herein as pairs 44a, 44b-80a, 80b. The stitching 
yams are included to bind the top layer 21 and bottom layer 81 together. The 
stitching yams are positioned in pairs between adjacent top and bottom CMD 
yams; there is no bottom CMD yam below each stitching yam pair so that space is 
present for the stitching yams to stitch. For example, stitching yams 44a and 44b 
20 are positioned between top CMD yams 42 and 46. Fiber support portions of the 
stitching yams (described in detail below) interweave with the top MD yams to 
form, together with the top CMD yams, a plain weave pattern in the top layer 21 . 
It should be noted mat, when the top and bottom fabric layers 21, 81 are joined, the 
top CMD yarns are positioned substantially directly above the bottom CMD yams, 
25 such that the aforementioned space exists between adjacent bottom CMD yarns for 
the stitching yarns. 

Referring now to Figure 2, the repeat unit of the fabric 20 also 
includes the bottom layer 81. The repeat unit includes ten bottom MD yams 82- 
100 which are interwoven with ten bottom CMD yams 102-120. Each of me 
30 bottom MD and CMD yams is positioned substantially directly below a 

corresponding top MD or CMD yarn. The bottom MD yarns are interwoven with 
the bottom CMD yams in a pattern in which each bottom MD yam passes over 
four adjacent bottom CMD yams, below the next bottom CMD yarn, over the next 



' four adjacent bottom CMD yams, and below the next bottom CMD yam. For 
example, bottom MD yam 88 passes above bottom CMD yams 102, 104, 106, 108, 
below bottom CMD yam 110, above bottom CMD yams 112, 114, 116, 118, and 
below bottom CMD yam 120. The other bottom MD yams foDow a similar "over 
5 4/under 1/over 4/under 1" weave pattern, but each is offset in its weaving sequence 
from its nearest bottom MD yarn neighbors by three bottom CMD yams. 
Consequently, bottom MD yam 90 (which is adjacent bottom CMD yam 88) 
passes above bottom CMD yams 102, 104, below bottom CMD yam 106, above 
bottom CMD yams 108, 110, 112, 114, above bottom CMD yam 116, and above 

10 bottom CMD yams 118, 120. Thus, the bottom MD "knuckle" formed by bottom 
MD yarn 90 as it passes below bottom CMD yam 116 is offset from the bottom 
"knuckle" formed by bottom MD yam 88 as it passes below bottom CMD yam 
110 by three bottom CMD yams. Also, binding portions of die stitching yams 44a, 
44b - 80a, 80b (defined in more detail below) are located between each adjacent 

15 pair of bottom CMD yams. 

As can be seen in Figures 1 and 2, the corresponding pairs of 
Btitching yarns 44a, 44b~80a, 80b interweave with the top MD yams and bottom 
MD yams in the following pattern. Each of the stitching yams of the repeat unit 
can be subdivided into two portions: a fiber support portion which interweaves 

20 with the top MD yams, and a binding portion which interweaves with a bottom 
MD yarn. These are separated at "transitional" top MD yarns, below which one 
stitching yam of a pair crosses the other stitching yam of the pair. The stitching 
yams of each pair are interwoven relative to one another such that the fiber support . 
portion of one yam of the pair is positioned above the binding portion of the other 

25 yam of the pair. In the illustrated embodiment, the fiber support portion of the 
stitching yam of each pair designated with an "a" fe.e.. 44a, 48a, 52a) interweaves 
in an alternating fashion with five top MD yams (alternately passing over three top 
MD yams and under two top MD yams), and the other stitching yam of the pair 
(those designated with a "b") passes over two top MD yams while passing below a 

30 top MD yam positioned between those two MD Tarns. Li its fiber support portion, 
each stitching yam passes over top MD yarns that the top CMD yarns pass 
beneath, and passes below top MD yams that each top CMD yam passes over. In 
this maimer, the stitching yams and top CMD form a plain weave pattern with the 



" top MP yams on the papennaking surface (i.e.. the top laver 21) (shown in Figure 
1). Id its binding portion, each stitching yam passes below one bottom MD yarn in 
the repeat unit such that an "over 4/under 1 n pattern is established by the pair of 
stitching yams on the bottom layer 81 of the fabric 20 (see Figure 2). This 
5 configuration is discussed in greater detail in U.S. Patent No. 5,967,195 to Ward, 
the disclosure of which is hereby incorporated herein by reference in its entirety. 

Referring back to Figures 1 and 2, pairs of stitching yams that are 
positioned adjacent to and on opposite sides of a top or bottom CMD yam are 
interwoven with the top or bottom MD yams such mat there is an offset of two MD 
1 0 yarns between such stitching yam pairs. For example, stitching yam 44a passes 
above top MD yarns 30, 34 and 38 and below bottom MD yam 84. The next "a" 
stitching yarn, stitching yam 48a, passes above top MD yarns 34, 38 and 22 (with 
top MD yam 22 being a continuation of the pattern on the opposite side) and below 
bottom MD yam 88. Thus, stitching yam 44a is offset from stitching yam 48a by 
15 two top and bottom MD yams. This same two MD yam offset is followed for the 
interweaving of the other stitching yams. 

It can also be seen in Figures 1 and 2 that the stitching yams are 
interwoven with the top and bottom MD yarns as "reversed picks." This concept is 
described in detail in U.S. Patent No. 5,967,1 95 to Ward and need not be discussed 
20 further herein. Those skilled in this art will appreciate that, although the illustrated 
reversed picks configuration is preferred, the present invention may also be 
employed with non-reversed picks fabrics. 

Exemplary yam sizes for the fabric 20 are set forth in Table 1. 



Table 1 


Yarn 


Diameter (mm) 


TopMD 


0.13 


Top CMD 


0.13 


Stitching Yam 


0.11 


Bottom MD 


0.17 


Bottom CMD 


0.22 



With these dimensions, the top MD/bottom MD ratio is 0.764, and the top MD/top 
CMD ratio is 1 .00. The fabric 20 woven with these yam sizes and ratios has been 
shown to have a void volume of 42.7 mm 3 /cm 3 , a caliper of 0.69mm and a fiber 

10 



support index of 193. Thus, this embodiment can provide an unproved 
combination of void volume, caliper and fiber support when compared to prior 
triple layer fabrics. 

Another twenty harness triple layer fabric embodiment of the 
5 present invention, designated broadly at 2P', is illustrated in Figure 3. The fabric 
20* includes a top layer mat is identical in weave pattern to the embodiment 
illustrated in Figure 1. The bottom layer 120b of the fabric 20' includes ten 
bottom MD yams 82'- 100' interwoven with twenty bottom CMD yams 131-150. 
The fabric 20* also includes ten pairs of stitching yarns 44a', 44b'-80a', 80b' mat 

10 interweave with the top and bottom fabric layers. 

The bottom MD yams 82M00' interweave with the bottom CMD 
yams 131-150 in the same "over 4/under 1" sequence seen in fabric 20 illustrated 
in Figure 1; however, in the fabric 20' there are twice as many bottom CMD yams 
as are present in the fabric 20, such mat a bottom CMD yam is present below every 

15 pair of stitching yams. In this embodiment, the stitching yam pairs 44a', 44b'- 
80a\ 80b' interweave in the same pattern with the top MD yams and bottom MD . 
yarns as in die fabric 20; however, in the fabric 20' the stitching yams of each pair 
separate from one another as they pass below a bottom MD yam, with one 
stitching yam of die pair passing on one side of the bottom CMD yam that resides 

20 ■ below the pair, and the other stitching yam passing on the other side of that bottom 
CMD yam. For example, the stitching yam 44a' passes below bottom MD yam 
84' while passing on the side of bottom CMD yarn 133 nearest bottom CMD yam 
134. m contrast, the stitching yarn 44b' (which is paired with stitching yam 44a') 
passes below bottom MD yam 94' while passing on the side of bottom CMD yam 

25 133 nearest bottom CMD yam 132. In the manner, the stitching yams 44a', 
44b'can maintain their positions somewhat centered between the top CMD yarns 
42, 46 on die top fabric layer. 

Exemplary yam sizes for the fabric 20' are set forth in Table 2. 

30 



n 



Table 2 


Vara 

x urn 


i/ioincicr vminj 


TopMD 


0.13 


Top CMD 


0.13 


Stitching Yam 


0.11 


Bottom MD 


an ■ 


Bottom CMD 


0.18 



Another embodiment of a twenty harness triple layer forming fabric 
(designated broadly at 130) is illustrated in Figure 4. The top layer of the fabric 
5 130 is identical to mat of the fabric 20 of Figures 1 and 2; however, the bottom 
layer 130b differs in mat the bottom CMD yarns- are paired. 

The repeat unit of the bottom fabric layer of the fabric 130 includes 
a set of bottom MD yarns 82"-100" which are interwoven with a set of bottom 
layer CMD yams 151-170. As shown in Figure 4, the yarns comprising the set of 

10 bottom layer CMD yams 151-170 are interwoven with the set of bottom layer MD 
yams 82"-100" in pairs. Each of the yams comprising a pair are woven together in 
the same shed of the fabric, and thus the yams forming each of these paired bottom 
fabric layer CMD yams (such as pair 151/152) have an identical weave pattern in 
the fabric. By "woven in the same shed" it is meant that the yams are woven 

15 adjacent to each other and have an identical weave pattern with respect to the MD 
yarns with which they weave. Note that herein, unless the context demands 
otherwise, references to a "paired, bottom fabric layer CMD yam" are intended to 
refer to a single yam which is formed from two yams that are woven in the same 
shed. Accordingly, a reference to a fabric having paired bottom fabric layer CMD 

20 yarns that is woven, for example, in a 1x4 twill pattern, refers to a fabric woven in 
a 1x4 twill pattern if the paired bottom fabric layer CMD yams are treated as a 
single yam. 

In Figure 4, the bottom layer MD yams 82"-100" are interwoven 
with the pairs of yams mat comprise the set of bottom layer CMD yarns 1 51-1 70 in 
25 a 1x4 twill type pattern, meaning that each of the yam pairs 151/152-169/170 
passes above one bottom MD yam, below the next four bottom MD yams, above 
the next bottom MD yam, and below the next four bottom MD yarns. For 
example, bottom CMD yam pair 151/152 passes above bottom MD yam 82", 
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below bottom MD yams 84"-90", above bottom MD yam 92", and below bottom 
MD yams 94"-100". The other paired bottom fabric layer CMD yams follow a 
similar "ovcr-oneAmder-four" weave pattern, although mis pattern is offset by two 
bottom layer MD yams for adjacent paired bottom layer CMD yams. Thus, for 
5 example, paired bottom fabric layer CMD yam 153/154 passes above bottom MD 
yams 86" and 96", whereas adjacent paired bottom fabric layer CMD yam 
135/136 passes above bottom MD yams 90" and 100". 

The top fabric layer (pictured in Figure 1) and the bottom fabric 
layer 130b (pictured in Figure 4) are stitched together with ten stitching yam pairs 

10 44a", 44b"-80a", 80b". These stitching yams are positioned in pairs between 
adjacent yarns of the set of top layer CMD yams 22-40. For example, stitching 
yarn pair 44a", 44b" is positioned between top CMD yams 42 and 46 and between 
paired bottom fabric layer CMD yarns 151/152 and 153/154. As with the fabric of 
Figures 1 and 2, the stitching yams interweave with the top MD yarns and bottom 

15 MD yams to bind the top fabric layer 21 ' and the bottom fabric layer 30* together. 
The stitching yams 44a",44b"-80a",80b" are woven in a reversed picks 
configuration, but this embodiment may be woven also in a non-reversed picks 
configuration 

Exemplary yam sizes for the fabric 130 are set forth in Table 3. 
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Table 3 


Yarn 


Diameter (mm) . 


TopMD 


0.13 


Top CMD 


0.13 


Stitching Yam 


o.ii 


Bottom MD 


0.17 


Bottom CMD 


0.18 j 



Another embodiment of the present invention, a 20 harness multi- 
layer forming fabric generally designated at 200, is illustrated in Figures 5 and 6, 
25 in which a single repeat unit of the fabric is shown. The repeat unit of the fabric 
200 includes ten top MD yams 211-220, ten bottom MD yams 221-230, ten bottom 
CMD yams 231-240, and stitching yam pairs 241a, 241b through 250a, 250b. 
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Referring first to Figure 6, a repeat unit offhe bottom layer 200b of 
the fabric 200 is shown. The bottom MD yarns 221-230 are interwoven with the 
bottom CMD yams 231-240 in a twill pattern like that of the fabrics of Figures 1- 
4, with each bottom CMD yam passing above one bottom MD yam, below four 
5 bottom MD yams, then repeating this "over 1 /under 4" pattern. For example, 
bottom CMD yam 231 passes above bottom MD yam 221, below bottom MD 
yarns 222-225, above bottom MD yam 226, and below bottom MD yams 227 
through 230. The other bottom CMD yams follow the "over 1 /under 4" weave 
pattern, but each is offset from its nearest bottom CMD yam neighbors by two 

10 bottom MD yarns. Consequently, bottom CMD yam 232 passes below bottom 
MD yarns 221 and 222, above bottom MD yam 223, below bottom MD yam 224 
through 227, above bottom MD yam 228, and below bottom MD yams 229 and 
230. Thus the "knuckle" formed by bottom MD yam 223 as it passes below 
bottom CMD yam 232 is offset from the "knuckle" formed by bottom MD yam 

15 221 as it passes over bottom CMD yarn 231 by two bottom MD yams. 

Referring now to Figure 5, the top layer 200a of the fabric 200 is 
formed by the top MD yams and by fiber support portions of the stitching yam 
pairs. As can be seen in Figure 5, the fiber support portions of the stitching yarns 
and the top MD yarns combine to form a plain weave top surface. The 

20 interweaving of the stitching yarns and the top and bottom MD yams can be 
understood by examination of Figure 5." 

As is the case for the fabrics of Figures 1-4, each of the stitching 
yarns of the repeat unit of fabric 200 can be subdivided into two portions: a fiber 
support portion that interweaves with the top MD yams, and a binding portion mat 

25 interweaves with a bottom MD yam. These are separated at "transitional" top MD 
yarns, below which one stitching yam of a pair crosses the other stitching yam of 
the pair. The stitching yams of each pair are interwoven relative to one another 
such that the fiber support portion of one yam of the pair is positioned above the 
binding portion of the other yam of the pair. The fiber support portion of stitching 

30 yarns of each pair designated with an "a" (e.g,. 241a, 242a, 243a) interweaves in 
an alternating fashion with five top MD yams (alternately passing over three top 
MD yams and under two top MD yams), and the other stitching yam of the pair 
(those designated with a "b") passes over two top MD yams while passing below a 
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' top MD yam positioned between those two MD yams. In its fiber support portion, 
each stitching yarn passes over top MD yarns that fiber support portions of 
stitching yams of adjacent pairs pass beneath, and passes below top MD yarns that 
fiber support portions of stitching yarns of adjacent pairs pass over. In this manner, 
5 the stitching yams form a plain weave partem with the top MD yams (see Figure 
5). 

In its binding portion, each stitching yam passes below one bottom 
MD yam in the repeat unit. Each stitching yam passes below the bottom MD yam 
that is located between two knuckles formed by adjacent bottom MD yams over 

10 the bottom CMD yarns that sandwich the stitching yam. The combined binding 
portions of the stitching yam pairs establish an "over 4/under 1 " pattern on the 
bottom surface of the fabric 10 (see Figure 6). 

The weaving pattern of the stitching yams is exemplified by the 
interweaving of stitching yam 249a, 249b with top and bottom MD yarns. In its 

15 fiber support portion, stitching yam 249a passes over top MD yarns 211, 213 and 
215, and below top MD yams 212 and 214. It then passes below transitional top 
MD yam 216 and above bottom MD yam 226. In its binding portion, stitching 
yam 249a passes below top MD yams 217 through 219 while passing above 
bottom MD yams 227 and 229 and below bottom MD yam 228 to stitch the bottom 

20 layer of the fabric 200. Stitching yam 249a then passes between top transitional 
MD yam 220 and bottom MD yam 230. Stitching yam 249b is interwoven such 
that its binding portion is below that of stitching yam 249a; stitching yam 249b 
passes below top MD yams 211 through 215 while passing above bottom MD 
yams 221, 222, 224, 225 and below bottom MD yam 223. In its fiber support 

25 portion, stitching yam 249b passes above top MD yam 217, below top MD yam 
218 and above top MD yam 219, and below transitional top MD yam 220 to 
continue the alternating weave established by stitching yam 249a, 

As can be seen in Figures 5 and 6, toe same pattern described 
hereinabove for toe stitching yams 249a, 249b relative to each other is followed by 

30 the other stitching yam pairs, with adjacent pairs of stitching yams being offset by 
three MD yams. For example, stitching yam 241a passes above top MD yams 
215, 217 and 219 and below bottom MD yam 232. Stitching yam 242a passes 
above top MD yams 212, 214 and 216 and below bottom MD yam 239. Thus, 



stitching yam 242a is offset from stitching yam 243a by three top and bottom MD 
yams. This same three MD yam offset is followed for the interweaving of the 
other stitching yams. 

It can also be seen in figures 5 and 6 that the stitching yam pairs 
5 . are interwoven with the top and bottom MD yams such that each "a" yam (the 
stitching yam that passes over three top MD yams) is positioned between two "b" 
yams (stitching yams that pass ova two top MD yams), and each "b" yam is 
positioned between two "a" yams. This arrangement is demonstrated by 
examination of stitching yam pairs 241a, 241b, 242a, 242b. As shown in* Figures 
10 5 and 6, stitching yam 241b is positioned between stitching yams 241a and 242a, 
and stitching yam 242a is positioned between stitching yams 241b and 242b. 
Performance advantages of such a configuration are described in detail in U.S. ■ 
Patent No. 5,88 1,764 to Wani, the disclosure of which is hereby incorporated . 
herein in its entirety. 

IS Those skilled in this art will also appreciate that other plain weave 

patterns in which the stitching yams are divided differently into fiber support 
portions and binding portions can be constructed. For example, the fabric can 
include a top layer in which each stitching yam of a pair passes over two, three, 
four or even more top MD yams in its fiber support portion. The stitching yarns 

20 can pass oyer different numbers of top MD yams, or can pass over the same 
number. Of course, appropriate adjustment of the positioning of the bottom 
knuckles in the binding portions of such stitching yarns should be made with 
changes to the stitching yam pattern on the top surface. 

Exemplary, yam sizes for the fabric 200 are set forth in Table 4. 
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i Table 4 


Yarn 


Diameter (mm) 


TopMD 


t 0.13 


TopCMD 


None 


Stitching Yam 


0.13 


Bottom MD 


0.17 


Bottom CMD 


0.18 



Referring now to Figures 7 and 8, another embodiment of a triple 
layer fabric, designated broadly at 300, is illustrated therein. The triple layer fabric 
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300 includes a top layer 300a and a bottom layer 300b. The top layer 300a 
includes ten top MD yams 301-310 interwoven with ten top CMD yams 311-320, 
as well as five pairs of stitching yams 321a, 321b-325a, 325b. The top CMD 
yams and stitching yarns are arranged such that a pair of stitching yam follows 
every two top CMD yarns in a repeating pattern; for example, the top layer 300a 
sequentially includes top CMD yam 31 1, top CMD yam 312, stitching yam pair 
321a, 321b, top CMD yam 313, top CMD yam 314, stitching yam pair 322a, 
322b, and so on. The top CMD yarns and fiber support portions of the stitching 
yams are interwoven with the top MD yams to form a plain weave surface in much 
the same manner as that of the fabric 20 described above and illustrated in Figure 
1, although with stitching yarn pairs replacing only every third top CMD yam. 

Referring now to Figure 8, the bottom layer 300b includes ten 
bottom MD yams 331-340 interwoven with ten bottom CMD yams 341*350. The 
weaving pattern of the bottom MD yarns relative to the bottom CMD yams is such 
that each bottom CMD yam follows an "over 1 /under 1/ovcr 1 /under T pattern 
relative to the bottom MD yams. For example, bottom CMD yam 346 passes 
above bottom MD yam 331, below bottom MD yam 332, above bottom MD yam 
333, and below bottom MD yams 334-340. Adjacent bottom CMD yams are 
onset from one another by three bottom MD yams; thus, bottom CMD yam 347, 
which is adjacent to bottom CMD yam 346, passes above bottom MD yams 334 
and 336, each of which is three bottom CMD yarns away from the bottom MD 
yams 331, 334 passed over by bottom CMD yam 346. This pattern, in which a 
bottom CMD yam forms a bottom side knuckle between two bottom side knuckles 
formed by bottom MD yams, has performance advantages described in co-assigned 
and co-pending U.S. Patent Application Serial No. 09/579,549 (filed May 26, 
2000), the disclosure of which is hereby incorporated herein by reference in its 
entirety. 

When the bottom layer 300b is joined with the top layer 300a, each 
of the bottom CMD yarns is positioned substantially directly below a 
corresponding top CMD yam. There is no bottom CMD yam positioned 
substantially directly below the stitching yam pairs, thereby providing a space in 
which the stitching yams can stitch below a bottom CMD yam. 

Exemplary yam sizes for the fabric 300 are set forth in Table 5. 
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Tables 


Yarn 


Diameter (mm) 


Top MD 


0.13 


TopCMD 


0.13 


Stitching Yam 


0.11 


Bottom MD 


0.17 


Bottom CMD 


0.25 



A further twenty harness fabric embodiment of the present 
5 invention, designated broadly at 300*, is illustrated in Figure 9, The top layer of 
the fabric 300' is identical to the top layer of the fabric 300 illustrated in Figure 7. 
The bottom layer 300b' of the fabric 300', much like that of the fabric 20' 
illustrated in Figure 3, includes bottom CMD yarns below the stitching yams, such 
that, in a repeat unit, ten bottom MD yams 331 '-340* interweave with fifteen 

10 bottom CMD yams 351-365 in a 1x4 twill pattern. Stitching yams 321a, 321b- 
325a, 325b are interwoven into the top layer in the manner described above for 
fabric 300. In the bottom layer 300b', the stitching yarns interweave with one 
bottom MD yam, but pass on opposite sides of the bottom CMD yam located 
below the pair (this relationship is as described above for the fabric 20' illustrated 

15 in Figure 3). As an example, the stitching yam 321a' passes below bottom MD 
yam 338' while passing on the side of bottom CMD yam 343 nearer to bottom 
CMD yam 342, and the stitching yam 321b' passes below bottom MD yam 333' 
nearer to bottom CMD yam 344. 

Exemplary yam sizes for the fabric 300' are set forth in Table 6. 
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Table 6 


Yarn 


Diameter (mm) 


TopMD 


0.13 


TopCMD 


0.13 


Stitching Yam 


0.11 


Bottom MD 


0.17 


Bottom CMD 


0.20 



Another embodiment of the present invention, a sixteen harness 
triple layer fabric designated broadly at 400, is illustrated in Figures 10 and 1 1. 
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' The fabric 400 includes a top fabric layer 401 and a bottom fabric layer 451 . The 
top fabric layer 401 includes eight top MD yarns 402-416 interwoven with twelve 
top CMD yams 420-448 and four pairs of stitching yams 4 26M26b-450ay450b . 
The top MD yams and top CMD yarns are interwoven in a plain weave pattern, 
5 with the stitching yarns positioned between sets of three adjacent top CMD yarns 
and also interweaving with the top MD yams in a plain weave pattern. The 
manner in which a plain weave surface is formed on the top layer via a 
combination of top MD yarns, top CMD yarns and stitching yams is described 
above and in US. Patent No. 4,501,113 to Osterberg and US. Patent No. 

10 5,967,195 to Ward, the disclosures of each of which are hereby incorporated by 
reference in their entireties. 

. The bottom fabric layer 451 (Figure 1 0) comprises eight bottom 
MD yarns 452-459 that are interwoven with sixteen bottom CMD yarns 460-475. 
The weaving pattern of the bottom fabric layer 451 is such mat each bottom MD 

15 yam passes above three adjacent bottom CMD yams, below a bottom CMD yarn, 
above three adjacent bottom CMD yarns, and below another bottom CMD yarn. 
Adjacent bottom MD yams are offset from one another by three bottom CMD 
yams. For example, bottom MD yam 452 passes below bottom. CMD yarns 460, 
464, 468 and 472, while adjacent bottom MD yams 453 passes below bottom 

20 CMD yarns 463, 467, 471 and 475. 

It should be noted that each stitching yam of each stitching yam 
pair passes below one bottom MD yam as part of the repeat unit. For example, 
stitching yams 426a, 426b pass below, respectively, bottom MD yams 455, 459. 
The next stitching yam pair passes below a bottom MD yam that is offset by two 

25 bottom MD yams, so, for example, stitching yams 434a, 434b pass below, 
respectively, bottom MD yams 453, 457. It should also be noted that, in the 
illustrated and preferred .configuration, there are the same number of top CMD 
yams (assuming that each stitching yam pair serves as one top' CMD yam for the 
purposes of this calculation) as bottom CMD yams, and that each bottom CMD 

30 yam is positioned below a corresponding top CMD yam or stitching yam pair. As 
a result, when a yam of a stitching yam pair interweaves with a bottom MD yarn, it 
must occupy space between two adjacent bottom CMD yams. For example, 
stitching yams 426a, 426b are positioned above bottom CMD yam 463, but when 
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these stitching yams interweave with, respectively, bottom MD yams 408 and 416, 
they occupy the space between bottom CMD yams 462 and 463. Alternatively, the 
bottom layer 451 can omit every fourth bottom CMD yarn such that no bottom 
CMD yarn is present below the stitching yams, with the result that the stitching 
5 yams occupy the space left by the omitted bottom CMD yarns. 

Exemplary yam sizes for the fabric 400 are set forth in Table 7. 



Table 7 


Yarn 


Diameter (mm) 


Top MD 


0.1*3 


Top CMD 


0.13 


Stitching Yam 


0.11 


Bottom MD 


0.17 


Bottom CMD 


0.18 - 



10 The embodiments described above are illustrative of triple layer 

forming fabrics that may be encompassed by the present invention. Those skilled 
in this art will appreciate that triple layer fabrics of the present invention may also 
be woven in different configurations than those illustrated herein. For example, 
the fabrics of the present invention may contain different numbers of yams in a 

IS * repeat unit The illustrated embodiments are wo 

embodiments of Figures 1 to 9) or 16 harnesses (the embodiment of Figures 10 
and 11). Of course* die concepts underlying the illustrated weave patterns can also 
be embodied in other triple layer fabrics that are woven on, for example, 1 8, 28 or 
30 harnesses. 

20, In addition, triple layer fabrics of the present invention may take 

different weave patterns than those illustrated herein. For instance, the bottom 
layer of the fabric can have a different configuration than that shown. As an 
example, a triple layer fabric may be woven on 24 harnesses, wherein the bottom 
fabric layer includes 12 bottom MD yams and twelve bottom CMD yarns. In such 

25 a fabric, each bottom CMD yam may, by way of example, follow an "over 6/under 
1/over 4/undcr 1" pattern relative to the bottom CMD yams, and adjacent MD 
yarns may be offset from one another by five CMD yarns. An exemplary bottom 
layer such as this is illustrated and described in U.S. Patent No. 5,967,195 to Ward 

20 . 



noted above. As another example of a triple layer fabric having a differing repeat 
pattern for the bottom layer, a triple layer fabric may be woven on 20 harnesses, 
wherein the bottom fabric layer includes ten bottom MD yams and ten bottom 
CMD yams, with each bottom CMD yam Mowing an "over 5/under 1/over 
3/under 1 " pattern relative to the bottom CMD yams, and with adjacent MD yams 
being offset from one another by four CMD yarns. The skilled artisan will 
understand mat there are numerous other bottom layer configurations that may be 
suitable for use with the triple layer fabrics of the invention, including those 
illustrated in the aforementioned co-assigned and co-pending U.S. Patent 
Application Serial No. 09/579,549. 

Further, the triple layer fabrics of the present invention may also 
include top layer configurations mat differ from those illustrated. For example, a 
24 harness fabric mat utilizes in its top surface twelve top MD yams, six top CMD 
yams, and six stitching yam pairs may be used. One example of such a fabric is 
illustrated in U.S. Patent No. 5,967,195 to Ward noted above. Other examples 
should be apparent to the skilled artisan. It is preferred that the top surface employ 
stitching yams that "complete the weave" of the top surface of the fabric, such mat 
the top CMD yarns and the fiber support portions of the stitching yam pairs follow 
a similar weave pattern to form an integrated papermakmg surface, and it is more 
preferred that the top surface of the fabric employ stitching yams and top CMD 
yarns that form a plain weave papermakmg surface. 

Moreover, those skilled in this art will appreciate that the fabrics of 
the present invention may have differing numbers of top and bottom CMD yams in 
a repeat unit; for example, there may be 1 .5, two or three times as many top CMD 
yarns as bottom CMD yams, or, as in the fabrics illustrated in Figures 3 and 9, 
there may be equal numbers of top and bottom CMD yarns (assuming mat a 
stitching yam pair is considered as one top CMD yam), m me embodiments in 
which there are equal numbers top and bottom CMD yams, such that the stitching 
yarn pairs are positioned above a bottom CMD yam, it is preferred mat the 
stitching yams of a pair stitch on opposite Bides of the underlying bottom CMD 
yam. 

The form of the yams utilized in the fabrics of the present invention 
can vary, depending upon the desired properties of the final papcnnakers' fabric. 
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For example, the yams may be multifilament yams, monofilament yams, twisted 
multifilament or monofilament yarns, spun yams, or any combination thereof. 
Also, the materials comprising yams employed in the fabric of the present 
invention may be those commonly used in papermakerV fabric. For example, the 
yams may be formed of polypropylene, polyester, aramid, nylon, or the like. The 
skilled artisan should select a yam material according to the particular application 
of the final fabric. In particular, round monofilament yams formed of polyester or 
nylon are preferred. 

The foregoing embodiments are illustrative of the present invention, 
and are not to be construed as limiting thereof The invention is defined by the 
following claims, with equivalents of the claims to be included therein. 
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THAT WHICH IS CLAIMED IS: 



1 • A triple layer papermakef s fabric, comprising: 
a set of top machine direction yams; 
5 a set of top cross machine direction yams interwoven with said top 

machine direction yarns to form a top fabric layer, 

a set of bottom machine direction yams; 
a set of bottom cross machine direction yams interwoven with said 
bottom machine direction yams to form a bottom fabric layer; 
10 a plurality of stitching yams interwoven with said top and bottom 

fabric layers; 

wherein a pair of first and second stitching yams is positioned 
between adjacent pairs of top cross machine direction yams, said first and second 
stitching yams of each pair being interwoven with said top and bottom machine 

IS direction yarns such that, as a fiber support portion of said first stitching yam is 
interweaving with said top machine direction yarns, a binding portion of said 
second stitching yam is positioned below said top machine direction yarns, and 
such that as a fiber support portion of said second stitching yam is interweaving 
with said top machine direction yarns, a binding portion of said first stitching yam 

20 is positioned below said top machine direction yams, and such that said first and 
second stitching yarns cross each other as they pass below a transitional top 
machine direction yarn, and such that each of said binding portions of said first and 
second stitching yams passes below at least one of said bottom machine direction 
yarns; 

25 wherein said top machine direction yarns, said top cross machine 

direction yarns, and said fiber support portions of said stitching yams interweave 
to form a plain weave surface; and 

wherein said top machine direction yams have a first diameter, said 
bottom machine direction yams have a second diameter, and said top cross 

30 machine direction yarns have a third diameter, and a ratio of said first diameter and 
said second diameter is between about 0.75 and 0.95, and a ratio between said first 
diameter and said third diameter is between about 0.8 and 1.1. 
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2. The triple layer fabric defined in Claim 1, wherein Baid fiber 
support portions of said first stitching yarns pass over a first number of said top 
machine direction yams, said fiber support portions of said second stitching yarns 
pass over a second number of said machine direction yams, and said first number 

5 differs from said second number. 

3. The triple layer fabric defined in Claim 1 , wherein said pairs 
of bottom machine direction yams forming bottom machine direction knuckles 
under a common bottom cross machine direction yam are separated from one 

10 another by one bottom machine direction yarn. 

4. The triple layer fabric defined in Claim 1, wherein said 
bottom machine direction yams and bottom cross machine direction yams are 
interwoven in a twill pattern. 

15 

5. The triple layer fabric defined in Claim 1 , wherein one of 
said stitching yam pairs is positioned between each adjacent pair of top cross 
machine direction yams. 

20 6. The triple layer fabric defined in Claim 1 , wherein said 

repeat unit comprises equal numbers of top cross machine direction yarns and 
bottom cross machine direction yams. 

7. The triple layer fabric defined in Claim 1 , wherein said 
25 repeat unit comprises equal numbers of (a) top cross machine direction yams and 

stitching yam pairs and (b) bottom cross machine direction yams. 

8. The triple layer fabric defined in Claim 7, wherein each of 
said stitching yam pairs is positioned above a bottom cross machine direction yam. 
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9. The triple layer fabric defined in Claim 8, wherein a first 
stitching yam of each pair interweaves with a bottom machine direction yam on 
one side of the bottom cross machine direction yam mat the first stitching yam is 
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' positioned above, and a second stitching yon of that pair interweaves with a 
bottom cross machine direction yam on an opposite side of the bottom machine 
direction yam that the second stitching yarn is positioned above. 

5 * 10. The triple layer fabric defined in Claim 1, wherein said 

fabric has a void volume of between about 34 mm 3 /cm 2 and 42 mmW . 

11. The triple layer fabric defined in Claim 1, wherein said 
fabric has a fiber support index of between about 150 and 200. 

12. The triple layer fabric defined in Claim 1, wherein said 
fabric has a caliper of between about 0.60mm and 0.75. 

13. The triple layer fabric defined in Claim 1, wherein said 
repeat unit includes between 8 and 1 2 top machine direction yarns and between 8 
and 12 bottom machine direction yarns. 

14. A triple layer papennaker's fabric, comprising: 
a set of top machine direction yarns; 

a set of top cross machine direction yams interwoven with said top 
machine direction yams to form a top fabric layer, 

a set of bottom machine direction yarns; 
a set of bottom cross machine direction yams interwoven with said 
bottom machine direction yarns to form a bottom fabric layer; 

a plurality of stitching yams interwoven with said top and bottom 

fabric layers; 

wherein a pair of first and second stitching yams is positioned 
between adjacent pairs of top cross machine direction yarns, said first and second 
stitching yams of each pair being interwoven with said top and bottom machine 
direction yarns such that, as a fiber support portion of said first stitching yam is 
interweaving with said top machine direction yams, a binding portion of said 
second stitching yam is positioned below said top machine direction yarns, and 
such that as a fiber support portion of said second stitching yam is interweaving 

25 



with said top machine direction yarns, a binding portion of said first stitching yam 
is positioned below said top machine direction yams, and such that said first and 
second stitching yams cross each other as they pass below a transitional top 
machine direction yam, and such that each of said binding portions of said first and 
5 second stitching yams passes below at least one of said bottom machine direction 
yams; 

wherein said top machine direction yams, said top cross machine 
direction yams, and said fiber support portions of said stitching yams interweave 
to form a plain weave surface; 

10 wherein said top machine direction yams have a first diameter, said 

bottom machine direction yarns have a second diameter,, and said top cross 
machine direction yams have a third diameter, and a ratio of said first diameter and 
said second diameter is between about 075 and 0.9S, and a ratio between said first 
diameter and said third diameter is between about 0.8 and 1.1; and 

15 wherein said fabric has a void volume of between about 34 

mmW and 42 mm* fan 2 , a fiber support index of between about 150 and 200, 
and a caliper of between about 0.60mm and 0.75mm- 

15, The triple layer fabric defined in Claim I4 ft wherein said 
20 fiber support portions of said first stitching yams pass over a first number of said 
top machine direction yams, said fiber support portions of said second stitching 
yams pass over a second number of said machine direction yarns, and said first 
number differs from said second number. 

25 1 6, The triple layer fabric defined in Claim 14, wherein said 

pairs of bottom machine direction yarns forming bottom machine direction 
knuckles under a common bottom cross machine direction yam are separated from 
one another by one bottom machine direction yam. 

30 1 1. The triple layer fabric defined in Claim 14, wherein said 

bottom machine direction yams and bottom cross machine direction yams are 
interwoven in a twill pattern. 
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18. The triple layer fabric defined in Claim 14, wherein one of 
said stitching yam pairs is positioned between each adjacent pair of top cross 
machine direction yams. 

5 19. The triple layer fabric defined in Claim 14, wherein said 

repeat unit comprises equal numbers of top cross machine direction yams and 
bottom cross machine direction yarns. 

20. The triple layer febric defined in Claim 14, wherein said 
10 repeat unit comprises equal numbers of (a) top cross machine direction yams and 

stitching yam pairs and (b) bottom cross machine direction yarns. 

21 . The triple layer fabric defined in Claim 20, wherein each of 
said stitching yam pairs is positioned above a bottom cross machine direction yam. 

15 

22. The triple layer fabric defined in Claim 21 , wherein a first 
stitching yam of each pair interweaves with a bottom machine direction yam on 
one side of the bottom cross machine direction yam that the first stitching yam is 
positioned above, and a second stitching yam of that pair interweaves with a 

20 bottom cross machine direction yam on an opposite side of the bottom machine 
direction yam that the second stitching yam is positioned above. 

23. A triple layer papennaker's fabric, comprising: 
a set of top machine direction yarns; 

25 a set of top cross machine direction yarns interwoven with said top 

machine direction yams to form a top fabric layer; 

a set of bottom machine direction yams; 
a set of bottom cross machine direction yams interwoven with said 
bottom machine direction yarns to fbnn a bottom fabric layer, 
30 a plurality of stitching yams interwoven with said top and bottom 

fabric layers; 

wherein a pair of first and second stitching yams is positioned 
between adjacent pairs of top cross machine direction yams, said first and second 

27 



'stitching yams of each pair being interwoven with said top am] bottom machine 
direction yarns such that, as a fiber support portion of said first stitching yarn is 
interweaving with said top machine direction yarns, a binding portion of said 
second stitching yam is positioned below said top machine direction yams, and 
such mat as a fiber support portion of said second stitching yarn is interweaving 
with said top machine direction yams, a binding portion of said first stitching yam 
is positioned below said top machine direction yams, and such that said first and 
second stitching yams cross each other as they pass below a transitional top 
machine direction yam, and such that each of said binding portions of said first and 
second stitching yams passes below at least one of said bottom machine direction 
yarns; 

wherein said top machine direction yarns, said top cross machine 
direction yams, and said fiber support portions of said stitching yams interweave 
to forma plain weave surface; and 

wherein said top machine direction yarns have a first diameter 
between about 0.12 and 0. 14mm, said bottom machine direction yarns have a 
second diameter between about 0. 1 5 and 0. 1 8mm, and said top. cross machine 
direction yams have a third diameter between about 0.1 1 and 0.13mm. 

24. The triple layer fabric defined in Claim 23, wherein the ratio 
between said first diameter and said second diameter is between about 0.75 and 
0.95, and the ratio between said first diameter and said second diameter is between 
about 0.8 and 1.1. 

25. The triple layer fabric defined in Claim 24, wherein said 
fabric has a void volume of between about 34 mmVcm* and 42 mmVcm 2 , a fiber 
support index of between about 150 and 200, and a caliper of between about 
0.60mm and 0.75mm. 

Smart ABiggar 

Ottawa, Canada 
Patent Agents 
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